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TECHEJIICAL NOTE NO, 491

TANK TESTS OF A FAMILY OF FLYING-BOAT HULLS

By James ¥. Shoemaker and John B, Parkinson
SUUMARY

This report presents towing tests made in the N.A.C.A,
tank of a parent form and five variations of a flying-Tboat
hull. The beams of two of the derived forme were made the
same as that of the parent and the lengths changed by in-
creasing and decresasing the spacing of stations. The
lengths of two others of the derived forms were made the
same as that of the parent while the beams were changed
by increasing and decreasing the spacing of buttocks, all
other widths being changed in proportion. The remaining =
derived form has the same length snd beam as the parent,
but the lines of the forebody were altered to give a plan~
ing bottom with no 1ong1tudinal curvature forward of the
step. _

The test data were analyzed to determine the minimum
reslistance and the angle at which it occurs for all speeds
and ‘loads. The results of this analysis are given in the
form of nondimensional curves for sach model.

The effect of wvariation in over-all slze, asg indi-
cated by a "complete! test on any given hull, 1s pointed
out. The effect of changing length alone by the spacing
of stations, of changing beam alone by the.spacing of but-
tocks, as well as the effects of the changés in length-
beam ratio and longitudinal curvature that result from _
these operations are discussed. The difficulties encoun-
tered in inferpreting test results of systematic families
derived by the method used are emphasized. Further stud-
ies are suggested in which changes in thé vatlable under
consideration would not be obscured by secondary changes
in other important variables.
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The éffects of changes in hull dimenhsions and shape
of unler-water volume for digplacement-type vessels have
been extensivély investigated in towing tarnks. Systematlc
geries of modelg based upon single sete of lines with pro-
gregsive changes in the factors that affect reslstance
have been of great assistance in developing more efficient
forms,

. $imilar methods suggest themselves for' towing-tank
research conducted for the purpose of lmproving the'water
perforpance of seaplanes, The different character of.sea-
plane hull operatlon! however, leads to dissimilarities i1n
the factors that affect resistance. During the take-off,
the speed increases from zero to the point at which flight
is attained; the load on the water decrsases .ad the load
is trsiasgferred from the water to the wings and, for theé
greate? part of the take-off is supported by hydrodynamie
rather- than hydrostatlc forces. The under~water form pre-
gsented to the flow of the water 1s therefore congtantly’ :
changing. Properties of the hull at rest, such as iInitlal
trim, draft, and digtribution of displacement, become.of
minor significance, As hydrodynamic and aerodynamic
forces 'develop, the seaplane risss bodily and runs d4dry
above-the chines; hence the flow is affected principally
by -the apount and digtribytion of the under—water surface
rather than the volume. : ) . .

. One systematic method of wvarying the amount and dis-
tribution of surface below the chines consists of chang-
inzg the spacing of stations or of buttocks. Using this
metholl .of variation on a single parent form, ‘the Committee
has~investigated the effects of changing length alone hold-
ing beam congtant and of changing beam alone holdlng length
constant. The series was based on N.A. C.A, Model 11, which
represents-a hull for a flying boat, and on five forms de~
rived from it, The six models were tested during 1932-33
in the R.4.C.A., tank at Langley Field, Va., by the "com-
plete” method used at the tank for fundamental research
on hull forms. Test data for two of the wodels, N.A.C.4,
Model 11 and Model 11-A, have been published as technical
notes of the Committes (references 1l amnd 2). The present
paper lncludes the test regulta of the series as a whole
with an analysis of the effects of the variations intro-
duced into the series,
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General.— ‘The series investigé?éd consists éf a" fam-

11y of five modsls' made) up 8F the parent form, Model” i1,

[}

Sand 13 forn a 1ength ‘series in which bdem ‘is neld'constanﬁ

_generally used in the United States, having a transverse
“step a short distance aft of the center of gravity, a short

and four variatlons meodying dhanges in length and beam -
Wodels 12, 13, 1%, ‘and 15, 7 Model 11-L was' introduced later

to- study fhe effect of forebody curva%ure. ‘The lines and

offsets of Hbdel T1 ‘are ‘given Inh refershce 'l and 'those of
Model 11~A_in reéfersnce 2% ' The varihtions in dimensions ™~
among ‘the first five models of the famlly and theilr effect
on the shapes are indicated in figure 1. Models TIl, 12,

whils Models 11, T4, and 15 form a beam éeries 1n which -
1eng%h is held constant o i -

. R B el - - .
e e

Such changes in dimen31ons wifI sllghtly alter the™ po—
31t10n of the water "line at rest ‘add “the centér of buoyancy
for a given load. As explained im “the- introduction, howev-
BT the distribution of buoyancy,_important in the case of

‘ship mcodels throughouﬁ tXeir speed rangé, loses its signif-

1cance for ‘seaplane null models excepﬁ at the lowest ggee&s.

=__ __-n.sa_

" The parent form.,~ Hodel 11 was d331wne& expressly for
the investigation described hersein. It is- of the type mést

afterbody terminating in & vertical sternpost, and an ele—

" vated -§tern for the support of the airplame tail surfaces,

For simplicity, the sides of the model were made vértical
above the chines and the deck was made colncident with the
horizontal base line used in the construction of the model.

The bottom sections are straight from keel to chine except

near the bow, wherse they becoms arched for seawsrthiness.
Near the step and aft of the step the ‘angle of dead rise
is constant.

I will be seen that the planing bottom forward of the
step has more.longititdinal upward curvature than is usually
found in current practice. This characteristic causes the
geometric form of this area to change appreciably with the
change of longitudinal dimensions deci&e upon for the
length series, with correspondingly mors narked effects on
resistance, whereas the extension and contractlon of a bot~
tom with no curvature mnear the step would have bhad a negli-
gible effect on resistance exzcent at tle slowest speeds.
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Length series.- - Model*12 was ‘dGérived from the parent
by unlformly increasing the distance between estations.
The resulting form hasg a greater over-all 1ength less
fore—@nd—aft curvature 6f the foréebgdy, and - redwded values
of- longitudinai angles, the mést impértant angle g0 ‘refduced
Béin tHg fesl~ angle”dft 'of tHé 'stép. 'Modeél I3 wds ‘derived
by * a4 urea31ng this" stat1oﬁ spacing_ giving an opposita va-
rxation to” the faétors affeeted}'namely. ‘sHorter length,
tors” urvatura, ‘gHdgreater longitudinal diigless” Bach sta-
tivn i8 of~ itseff unchangea-‘henhe ‘tHé ‘de8d risevand tho:
€ransverse disﬁrzbution of surface remuin constant.

= Vodonokad oo mmynsL o T e -

fﬁ* “figam” series.* Hodel 14 was derived ‘from thevparent by
increasing the buttock spdéing and ibeam im proportion.
This operation reduced the dead-rise angle,’ Izn Model 15-
the buttock spacing and beam were reduced, and the dead-
‘rise angle ‘thereby" increased.- In- this serids the profile
“§% keel ‘dnd - chine as woll ad” the true shape of the but—'
tocks Temained.cohsﬁant.- M =

TR A . B - . Lok .
R $ S8 T, 1

_ "Noael 1iz4, =" Ag - exﬁlained in reference 2, this model
‘wae® derived from the parent by removing the curvature -
from the forebody keel, buttocks, and chines as far for-

Cward-of thE step. & wad® practicable. Thé portion aft of

““the” step waa unchanged.~- e - e T ETd e Tz

- N T
b P
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“The following table summarizes the values of the bas-
“ic variables: of length and bsam chosen ahd the effact of
helr changa on the other 1mporthnt characteriétics of the
hulls. : _

A

. .- - - . e v - = - .
ik .

T I EERC “Angle- - 'Relative: ‘
b - |Length-! Dead-’|betwwsn forebody
Model [Length Beam™| bean rise (forebody 1 curvature
o 1 ine” {"in; "ratio engle "and- - | -fort'd of

| afterbody| "~ stop
. R . . keels _

11 Y9 | 17 | s5.85 [22° sor| .80 oY 1.000
12 |.108. - | 17 .4 6.00- [22° 3o'{. 5° 11! | . .885
13, .80 .17 ) 5.30 |22° 30!'|  B° BE' | .-1.137
14 1 96 . 19 | 5.05 |20° 20! 5° 30! {  .1.000
15, 4 .96, .1 15 | 6.40 - {25° 10! 5° 30! | . 1,000
S 11-A] .96 Joar 5.65 [22° 30'} 69 30! 0 ..

e e —e —

!|S



a,

¥.A.0.A. Technical Note No. 491

Construction.~ ALl the models were made of laminated
mahogany to a working tolerance of 10.02 inch. They were
painted with several coets of gray-pigmented varnish and
carefully rubbed to give a smooth finish.

AFPPARATUS AND TEST METEOD

The N.A.C.A., tank with 1ts associated apparatus is
described in reference 3. The present tests employed the
smaller towing gear, which permits a reasonable degres of
accuracy of measurement for the sizes of the models used,

Data were obtained over a range of speed, load, and
trim angle by the complete method (see reference 1)}, which
pernlts an extensive comparison of results unhampered by
any arbitrary design values of gross load and get-away
speed, In this method, load on the water and trim angle
are made the independent test variables for which simul-
taneous values of speed, resistance, trimming noment, and
draft are recorded for a large number of constant-sgpeed
runs of the towing carriage.

RESULTS

The date from the tests of Models 12, 13, 14, and 15,
corrected by the usuasl tares as descridbed in reference 3,
are presented in figures 2 %to 22 as curves of resistance
and trimming moment plotted against spesd, with load on
the water as a paramneter. No tabular data are given for
the family of hulls, as the models are not particularly
good for deslgn purposes and the graphical presentation
is satisfactory for comparison. The resistance includes
tne air drag of the model, as explained in reference 1l.
The curves of test data for Models 11 and 11l-A have been
‘'published previously in references 1 and 2; hence they are
not included here. e e

Figures 233 to 34 show the characteristics at the best
trim angles of all the models, including 11 and 1l-A, re-
duced to nondimensional form. The coefficients used are
defined as follows:



6. N.A.C.A. Technilcal Note No. 491

A
Gt ST Lt - . _c = . T B -
ST e s TR T gTeE e

is ﬁhg Ioaﬂ gn_ihe watez, 1b.f-f

R, - (ST SN e A e

A
B' rpsistance,_lb.
v,

épeed ft. per 860

9' B R P ce L -
foyi %eight of wa%er per unit volume. 1b per cu.£b,
by 'bee.m, ft..-- TS R -
i% EEA acceleratibn cf gravity,. per sec.a

These coefficients may be used with any other con-
sistent eystem of units,

The application of the.nondimensional data is dis-
cugssed in detail in reference 1, In order to facilitate
comparison of the various models, the load-resistance
. ratio cglculated from the. best-angle date 1s plotted
_against the load’ coefficient for sevpral speed coeffi-
clentw in . figures .35 to 40. It should.be moted that the
use of the ;beam ag the characteristic dimension in thess
coefficzents cauaes hulls of different, length-heam ratios
to be. compared on the basis of equal baams Dut different

lengtha. | .. | T T s
| et _ "T?BES"I?S'I__OTT__; DT

The test data are bel'ieved to be COrrect witnin %he
following approximate limtts:

e Load O *'s I 3 10.__ T o )
o _Reaistapce ST E0LL 1,
Trimming moment +1.0 lb.—ft.
Trim angle +0,1°° ©
Spoed 19,1 ft. per sec.

3
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Tne Family BF hulis presented in thIS report was de-
signed primarily to investigate the effect of wvaristion in
the. length of hull when the begm ig held consgtant, -and in
the beam when the 1ength_ﬁé’he%€ constant. The manner ip
mhich the varlation waa made, however, 1ntro&uce& second-
any chanées In the lonvituiinal curvature of the fozebody,
in the 1ong1tudinal apgle between the forebody and the af-
terbody,. and. in the angle qf desd. rise. As a resdlt, the
eﬁfect of & change in eny ‘dne. d?'tne design- varlabIee is
difficult to separate from the 8ffects of the accompanffig

_varlatlons i other fectors._ This diecueslon is an at—-__L

tempt .to ‘segregate the_inf”ﬁence ‘6f. The. Andividual factors,
in so far as the results ot tnis serIes of tests are sus-
ceptible of such treatment

- - e o . —_— = - -

- Variation of Over-all Slze

- I il e o -

.The effects on tane-off performance producei by changes

In the over~all dimensions of. a hull of given form, as ap-

pligd td a particular aeaplane, are pointe& ouf, in, refer—
ence I, The enalysis of the data for HModel 11° given there
showed that 1ncrea31ng the hull size . for a given design
will generally .reduce. the resistance at the hump, but will
increase it at epeeds near get-away. _ITE thé models of
this seriee shqw this same tendency, as can be seen from

”“figures 35-40. At the hump ‘speed,. dec:easlng the load cg-

efficieént . OA. . tHat is,fincreasing the sIzé of hull for a
given load, increases the value of A/R in every case.

In the hlgh—speed renge, asd showa by the curves for epeed
coefficients of 4,5 and 8.0, decreasing “the load coeffi-~
‘cient reduces the value of A/R givr higher resistance
for g given load. It is therefare eviﬁent ‘that the vari-
ations in ‘geometric form among the models of this serles

do not alter the general.rule that a large. hull for a given
load is favoradble to low hump resistance but -causes high
resistance near get-away.

Variation of Length Holding Beam Gonstant

Iacreasing the length alone showe the same tendency tp
decrease the hump resistance and increase the resistance
at high speeds that 1s produced .by sn increase in over-all
dimensions. The curves of flgure 41 give the A/R ratio
plotted against load in pounds at three typical speeds for

s
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Models 11, 12, and 13, which®&omprise the length series.
Increasing the length gives a marked improvement in A/R

at the hum The decrease in A/R at high speed (40 feet
per smcond- resulting f%om increasea 1epgtﬁ is not very
great. A e - 2 . - ¥ i -..j_ 'f M

L Ihe secondafy eﬁfects of changing tﬁe 1ength by al—w
tering the station spaoing, as'.wasg done in the series of
Modeis 11; 12, ' a0813; are-chhnges ik forédbody curvature
. lapd. ir. the angle between the" fOréboay and afterbody. If
the test results of Models 14 and 15 are coaverted to a
bgam: ¢f ‘17:inched; “dnother '‘length series is represented
Lip-which the angle boetwédén thée forebody and afterbody is
‘the ‘szme for all the: ‘mo8éXs, and in which the curves of
~therforebody butftockd zmre geometricaily similar, The ac~
tual radii .of curvature-:at® co;respon&ing stations in this
series will, of course, be propdrtidnal to the length of "
the modsl. The values of A/R for the tlhree models, all
converted to 1l7-inch Yeam, are plotted agsinst load for
three typlcal speeds in figure 42, Again, increasing the
+z-length improves the A/R ratio at hump 'speed and at .
.gpeeds .inw the lower part of thae planing Tangoe. - At 40 feet
per second, however, the intermediate length, Model 11,
-gave gomewhat better results than either of tho others..

. In hoth these series of models with the same beam °
the increase in length from the shortest %o the longest
is accompanied by an iancrease in the radius of-curvature
©of the forebody., The following tabulation shows ths order
of merit of the five-hulls with 17-inch beam, together
with the relative magnitude of the cuvrvature (i.e., the
recipracal . of the radius .of curvature), For each speed,
tiye numeral "1" .indicates the hull having the highest _
AR, - numeFal "2%, the hull having the next highesgt, setc,
The length and curvature are expressed in terms of the
ratio -0of these quantities for sach model %o the values
“for Model 11, :

Model Relative Relative . Order °f' A/R
length |curvature]lat hump at—gq fipesejat 40 f.p.s.
14 | 0.895 | 1,118 | 4,5 5 ) 4,5
13 - «938 . 1,137 4,5 3,4 1
11 {1,000 | 1,000 3 3,4 2
12 l.062 - .885_ 2 . 2 3
18 71'1,138% R N T N TV .. 4.5

" in. the. ¢ades whets t#o of the moddls have substanbtial-
ly the same value of A/R, they have been rated oqually.
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ThlB table does not sﬁow conclu31vely “whe ther it was

the length, -&as such; ~or” the Yow fErebody cirvature that
had a favorabise effect 61 the longér mo&els. Definlte ih-
terpretation is further obscured by the" variations in:
dead-rise angle and 1n the angle between the forebody and

tne afterbodyo L PR e LR

WL e e~ e . : v "y . __-

e e . T ~ P s

v A comparlson between ‘Modsls 11 and’ 11~L however,-

shows theé'®infludnesd of- forebody curvature without the &b~
stdiring efféct of changes in the other? Yariables since the
lines of the two models’ are- identlcal except for the flat
) 1aning bottom of Médel 11-A.  Budh & éompar1son is shown
"in figure:43; The prohoéunced” improvement of Hodel 11-4
over kodel 11 at all speeds and loads shows that, to a
large extent, the differences shown in the tadble may be
accounted for by the ' infldsnce o¥f longitudinal curvature.
This conclusion was to be expected from general comnsider-
dtions of the behavior of a.hull &t planing .speeds, be-
cause the length of the huIl ag-such has no influence on.
the form of the planlng bottom at speeds above that at )
which the bow rises out of the water.

re. . — - - - n—

.-~ - - - . - . e

The order of merit: shewn in the table for a speed of
20 feet per second is somewhaé more difficult:-to exg}g}p.
At this speed Model 1l-AT4is’ superlor to any of the five
hulls in the regular family, - It would thus appear that
“the advantage of a flat forebody oxtonds to high speeds:
The next best hull, however, is Model 13, which has the
highest curvatﬁre'of the ehtire family. - This model has
also the greatest angle between forebody and afterbody;’
hence thes influence of the interfering blister on the af-
terbody, discussed in references 1 and 4, is reduced. The
somewhat complicated effect of the relation between fore-=
body curv¥ature and afterbody clearance probaoly accounts
for the apparently haphazard order of merit of the f1ve
hulls at this gpeed. - - -

Variation of Beam Holding Length Constant

4 comparison of,6 Models 14, 11, and 15, which form a
series constant in length but varying in beams, is given
in figure 44, In this series the lorgitudinal sections of
the three models are. the same. The chaLge in spacing of
the buttocks, however, causcs, & chaange in the angles of
dead rise and conseguently -in the fineness of the water
lines near the bow. The curves show tkat the value of

.A/R at the hump inoreases slightly with increasing beam.
At 25 feet per second the narrower beams give higher values



of” DYRTH Exdspt that for loa
shows’ ﬁ%orer Pérformance than
%5 COBU bhe  valbie” o A/R 1s
bean: Fo¥Taiis 10ads~'

et ton NN RN - T O 1 ScNE SR S AP

Another series of hulls
ing in beam could be obtained
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ds above 47 pounds Model 15
Model 11,” At 40- feet per
increased by decredﬁing the

-~

constant in 1engfﬁ Bui vary-
Dby comparing the test re-

sulty OF" Mbdels 42" anal 13 cbnverted to 96~inch” 1ength
Witn ho'ss" o Model 11, The maximum variation in beam

: iVén b& %hzs‘serles is” only
ﬁb% the  s¥tieB dE" Hodols 14,
LR the YosUlts iy ‘obecured by
na&‘pwofiles of the thiéanode
codparison 1's not included._

* o -J

"‘Effec% of“Ghanges 1n Indiv

-tz r"” -

about half as great as that

11, and 15. The 8ignifilcance
the fact that the longitudi-

1s are’ not similar,_hencs the

idual Design Variables

JGngtb+beam ratio.- The primary variable in the fam—

1Ly oE WoR&LS under discussio
beam. * It was' héped that ‘the
the information necesiary to

n is the ratlo of length to
test results wonld furnish
establish a definite value

of this ratio giving optimum performance for this type of

hull.w (The f0reg01ng discussi

on has given an 1dea of the

difflmulﬁies involved in” finding a suitadle basis of com~
parisowi’ It is possible, however, to establish the rel-"

ative mérites of the forms of
tinguished™ From size), by app
design:problems in the Manner
In:order %o ﬁimpllfy thé comp

the various hulls (as dis-
lying the results %o specific
daegcribed in reference 1.

arison, the beams may’ be se-

lected To’ give equal resastauces at hump speadt the or-

dér of med»it. of" the . holls wil

1 then be establlshed by

tneir relative resistances in the hi h-speed reglon. due

gcéouat” béine takeon  of the pr

obable welght and- air drag

of the hull thé size of which is thus determined,~ When

this was doné for the models
compared as follows:

of the present famlly, they

Order of merit | Model Relative L/3
- beam
1 12, 0.955 6.0
- e 13 1.088 : ] .5.3.
2 16 . .90 i}~ 6.8
4 11, -1 1,00 ¢ 5. 65,
8 14 - 1,072 5,05,

. Bbvioﬁsiy, any eifect of
such, is ebscured by.tlhae infl
tions in Fform,

tue le. ":h—beaﬁ raflé, as
uwence of the Becondary varia-
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Longitudfnal oufvatﬁre.‘~The prinéipal sedondary ef-
fect sppears to be caused by variation of the curvature of
the buttocks on the forebody planing bottom. The striking
imprOVement obtained By flattenlng fhe‘foreﬁody, as -in Mod-
6l.-11-A, ‘shows the importancéof 'this- var1able. ‘An expla-
'nation of ‘thé -influence of féfeﬁ&ﬁy curﬁature may be de~
duced in a generdl way from the curves ‘of préssure distri-
+bution on 'a plarning surface, glven i reference 5. Theseg
curves shdw a2 reglon &6F very hlgh pressure at the 1eadiné
-edge of the wetted planing bettioms No ‘data are avaiIaBTe
“on ‘the-nature of the distribufidéd on & surface having ion—
gitudinal convexity, dut it is reasonable to assume- tha@
the high concentration of load near the leading sdge will
beioven moré promounced in:guch a ‘case. Morseover; the
buttocks near thé lezding -edge: ‘of "4 ‘curved Pottom mustff?
have a relatively kRigh- angle 3 ‘the’ Xorizontal, “otherwise
+the trailing edgs will be &t too low an-angle to give a'T
reasonable downflow to the wake and there will be a consé-
quent loss of dynamice 1ift. The high mormal force acting
on the inclined portion of the buttocks will obviously >
have a high resisbtance component, and the value of A/R
of the planing bottom:as a whole will thus terd to he lower
than that of a flat surface. :

- Since some . cdiuvexity, at least near the bow, appears
to-'be necessary for "seaworihinéss at low speeds the dé~
signer 'is forced %o effect a comprdhise between the con—f
flicting requlrements, It seéns: evzdent hoyever, -that :
perfectlv straight euttoc o should be carrled welI forward
~*- Thesge con51derat1ons explaln to some extent the dif-
ficulty met "in trying to establish &n optimum- 1ength—beam
ratio. Iif the beam is narrow for a given load, a greater
length of flat forebody is necessary to keep the high-
pressurs region from getting up on the dluff porticn of
the buttocks at the hump speed. If a larger beam "is used,
the wetted length will be reduced for a given load and
speed, and counsequently the flat portion of the forebody
may ‘be made shdrter. Thus, substantially equal values of
A/R may be obtained with & considerable variation of L/B
ratio, provided that there is no promnounced curvature in
the region of the planing bottom near the step and that
the load for a glven beam is properlv selected

S

Othegr va*lables. " Two ot;ar deu*gn variahles, Ehe
dead~rise angle and the ‘anglo bhetween the forebody and
afterbody keels, are altered by tite srstematic variatious
used in these tests.  The results do not offer a satisfac-
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tory tﬁéis For segregating the*8ffoct of changes in these
Héracter1gtics, hoqever, ‘gnd furﬁher experlments will be
'fgqaﬁxed ¢ = )

SE B x_‘i(’( R I S i v e, - : - o - s

s’

Th€ preéent tests ‘givE soms- indlcaﬁion Eth a Iow an- o
gfé“ ¥ 3648 riss mAy-conEribute tv high hump resistance Lf
thé %bngittdinal curva%ure 6f th8 hull is ' excossiveée. This
phenomenOn may Be - seen from the déurvés 4f figure. 44+ The
pr%vémen it TR87valde 6f A/R at thé hump with increas-
v8h 18 leEs thin might Ybe eXpocted, probably because
A*na&“bise ‘angley dBd fherefore the fineness of the wa-
ﬁﬁy‘lines on the curved part of ‘the forebody,“is docreaaed
he beam is increase& o s =
“fhe” angle between the forebody and afterbody keels
prb%ahly hae Y pronounéed 8ffect on the trimmIng moments
as well ‘a% upbn the friction resistance caused by the
“Bpfey etrlking the afterbody at high speeds. In the pres-
ent tests! however, changes in' this quaatity are incideh-
tal to" changes in 1ength chence its effects canno% be aeg-

iaxs

- - . . - " - « T ce— T - - ———

recated,; . DL
! noe i -

[ S ~

CONGLUDING REMATRKS-

”he results ‘of this seriss Of tests show thaft system—
atic variations in hull form, effected by changes’ In the
spacing: of either buttocks or stations, are not suitable
for the Iﬁ?éstigation of flying~boat forms. They also
show rather concluslvely that longitudinal curvature of
the forebody: should be avoided and that the length~beanm T
ratio 6% the hull: affecta “its planing performancse princi-
nally because of the 1nf1uence of this ratlo on”-the sec~
ondary désign factors. ' '

Work'‘on the 8ffect of cnanges in the angleé of dead
rise and ‘in the angle between ‘the forebody and tho after-
body Ls in progress, and future tests designed to segre-
cate shé effsct of the length-beam ratio are contemplated.
In these studies care will be taken tov avold secondary
changes in forsd’ ﬁﬁat ‘might obscure tne'effects 6f the wva-
riable under ‘Fongfderation, LT -

Ve L] : e L

LangleyLMemorlal Aeronautical Laboratery, -

Nationgl ‘Advisory Committee for Aeronautice, o
j* Langley ‘Field, Va., January 30, 1934. : *

Fl . - R - . .
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